ventricular septal defect is therefore required. Moreover, longitudinal follow-up of these patients will have to clarify the time course within which this lesion is formed and eventually progresses. Finally, it remains to be demonstrated that the ridges described can give rise to significant outflow tract obstruction with important pressure gradients.
The observations by Ozkutlu et al. are very important for the clinical follow-up of patients with a doubly committed ventricular septal defect. A careful echocardiographic examination with special attention to the outflow tracts is required. Moreover, when surgical ventricular septal defect closure is considered, special attention should be given to the presence of subarterial ridges which need to be removed at the time of surgery. Pre-operative colour Doppler examination should thereby focus on the origin of flow turbulence in outflow tracts (e.g. the presence of hypertrophied muscle bundles), so that they can be resected at the time of surgery.
For vascular biologists it remains challenging to unravel the link between haemodynamics and cardiovascular response. The surge of endothelial biology with identification of a vast array of different vaso-active and growth factors will probably provide new means for therapeutic intervention. European Heart Journal (1996) 17, 810-812
Sudden cardiac death in young athletes: orienteering on Chlamydia pneumoniae?
See page 902 for the article to which this Editorial refers
Exercise-induced sudden cardiac death in athletes has become a major topic within recent years due to the increasing and widespread pre-occupation with sports. In this issue Wesslen et a/. [1) report on the sudden cardiac death of 16 Swedish orienteers, all ranked at the national top level. This cumulation, between the years 1979 and 1992, led to an enormous hygienic, epidemiological and microbiological effort to elucidate further the aetiology of these fatal events. The mean age of the athletes was 25 years when sudden death occurred during or immediately after exercise in all but two cases. A variety of clinical symptoms attributable to the cardiovascular system or abnormal ECG findings were present in a subset of the deceased population. These included ECG abnormalities of the ST-T segment, previous ventricular tachycardia and syncope during exercise. Serological investigations demonstrated IgG antibodies to Chlamydia pneumoniae, suggesting previous infection with this organism in all of five sera which could be tested for this antibody. However, this was also the case in 53% of a control group of healthy elite orienteers and in 59% of blood donors. Histopathology revealed the pattern of active myocarditis in five and signs of remote myocarditis in a further seven victims of sudden cardiac death. Interestingly, no further events have been reported after a national committee recommended in December 1992 that their members refrain from active orienteering for 6 months.
The report of Wesslen et a/.' 11 is of great interest because the unexplained deaths of young and presumably healthy persons is extremely dramatic and arouses the concern of the medical community. Nevertheless, several issues have to be addressed. As we know from other studies, an organic disorder constitutes the basis for the pathogenesis of aborted sudden death or sudden death in most cases of previously apparently healthy young people. Electrical instability due to ventricular tachyarrhythmias is the cause of cardiac arrest in most instances' 2^*1
. Myocarditis is one of the potential causes of sudden cardiac death in the young. In previous studies, an incidence of up to 22% has been demonstrated' 2 '. This is somewhat lower than that in the population reported by Wesslen et al. Besides an infection of the myocardium by Chlamydia pneumoniae, other exogenic factors may also account for this increased incidence of myocardial inflammatory reaction in the study population. For example, the use of cocaine has been identified as an agent which can precipitate cardiac disorders, including myocardial infarction, life-threatening ventricular arrhythmias and myocarditis' 51 . Additionally, methodological aspects have to be considered. The inter-observer variability in assessing histopathological samples for active and especially in cases of 'healed' or 'probably healed' myocarditis makes a reliable comparison between the incidence in different studies difficult.
The presented study population represents a heterogeneous cohort with respect to their previously reported clinical symptoms and other cardiovascular abnormalities, giving rise to further speculation on the individual causes for the fatal events. The athlete with previously diagnosed Wolff-Parkinson-White syndrome may well have experienced sudden cardiac death due to atrial fibrillation with rapid anterograde conduction via an overt accessory pathway and subsequent degeneration into ventricular fibrillation'
31
. This is a rare but well known mechanism of cardiac arrest in these patients. In one case, arrhythmogenic right ventricular dysplasia was the substrate for recurrent ventricular tachycardia. This subject, who already had the clinical manifestation of right ventricular disease, as well as three others with only histopathological features consistent with arrhythmogenic right ventricular dysplasia, had an increased risk of dying suddenly'
51
. Furthermore, five other athletes had ECG abnormalities during the repolarization phase with or without previous syncope during exercise. These findings may be suggestive of 'athlete's heart' but may also be consistent with hypertrophic cardiomyopathy, probably the most common cause of cardiac death in young athletes' Although Chlamydia pneumoniae-associated infection of the heart' 71 has been reported previously, the authors could not prove a link between serological and histopathological findings. So far it has not been possible directly to reveal the presence of the organism within the diseased myocardial cells, but it may be possible to achieve this by immunocytochemistry or in situ hybridization. Another option is the use of polymerase chain reaction which was apparently performed in two persons with a primer set directed to the rRNA gene of Chlamydia pneumoniae. However, the result was inconsistent because only one primer was positive. To our knowledge these techniques have not been used so far to identify Chlamydia pneumoniae within a biopsy specimen of myocardial cells. The significance of these tests is of course limited by the autolytic process and simply the time interval between death and microbiological investigation. However, it seems to be worthwhile performing these kinds of investigations in order eventually to verify myocardial infection with this organism, especially because there is no doubt that all subjects in whom serological tests were performed had had previous contact with Chlamydia pneumoniae. This organism is known to be responsible for widespread epidemics in Scandinavian countries' 71 . Nevertheless, the difference between orienteers who die suddenly and asymptomatic athletes with IgG antibodies directed against Chlamydia pneumoniae, who served as a control group, remain unclear. Furthermore, the striking incidence of Chlamydia pneumoniae-exposed orienteers as compared to other endurance athletes in the same geographic region has to be further elucidated.
Several individual independent factors predisposed to an increased risk of sudden cardiac death were present in the study population. Nonetheless, one has to keep in mind the important histological and serological findings of the study. Further attempts are urgently warranted to demonstrate the association between sudden cardiac death, inflammatory reaction of myocardial cells and a potential Chlamydia pneumoniae infection of the myocardium. Therefore, the authors should be encouraged to continue their investigations to prove their important hypothesis. Whatever the reason for the increased sudden death rate, the result of the advice given by the national committee retrospectively confirmed the prudence of the decision. The results of this study and the lessons we have learned from previous reports of sudden deaths among ambitious prominent elite athletes' 81 strongly suggest that careful screening and strict withdrawal from high-performance exercise in case of a potentially hazardous underlying cardiovascular disorder may be the only preventive tool.
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